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Abstract
We discuss pair production and decays of stops, sbottoms, and staus in
e+e− annihilation in the energy range
√
s = 500 GeV to 2 TeV. We present
numerical predictions within the Minimal Supersymmetric Standard Model for
cross sections and decay rates. We study the stop discovery potential for
√
s =
500 GeV and 10 fb−1 integrated luminosity with full statistics background
simulation.
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1 Introduction
In the experimental search for supersymmetry (SUSY) particular attention is paid to
those particles which are expected to be relatively light. The scalar top quark, the
SUSY partner of the top quark, may be the lightest squark, and may even be the
lightest visible SUSY particle (LVSP) [1, 2]. The stop can be light for two reasons: (i)
Due to the large top Yukawa terms in the renormalization group equations, the scalar
mass parameters of the stop can be much smaller than the corresponding parameters
of the first and second generation squarks [3, 4]. (ii) The off-diagonal elements of the
mass mixing matrix of the stop can be large, and this leads to strong t˜L− t˜R mixing.
If the parameter tan β is large enough (tan β>∼10) the scalar bottom quark [5] or the
scalar tau lepton could also be relatively light and even be the LVSP. The existence
of a relatively light stop would have many interesting phenomenological implications.
A light stop would significantly influence the branching ratios of the decays Z0 → bb¯,
t→ bW , b→ sγ and some other physical observables (see, e.g. [6]).
In this contribution we shall present results for the production of stops, sbottoms,
and staus in e+e− annihilation at energies between
√
s = 500 GeV and 2 TeV and
details on signal selection and background rejection for stop production at
√
s = 500
GeV and L = 10 fb−1. The production cross sections and the decay rates, and thus
the discovery reach of these sfermions show a distinct dependence on the L–R mixing
angles. The most important decay modes of these sfermions are those into fermions
and neutralinos or charginos.
Our framework is the Minimal Supersymmetric Standard Model (MSSM) [7] which
contains the Standard Model (SM) particles, sleptons, ℓ˜±, ν˜ℓ, squarks, q˜, gluinos g˜,
two pairs of charginos, χ˜±i , i = 1, 2, four neutralinos, χ˜
0
i , i = 1, . . . , 4, and five Higgs
particles, h0, H0, A0, H± [8]. The phenomenology of stops, sbottoms, staus, and
their decay products is determined by the following parameters: M and M ′, the
(soft breaking) SU(2) and U(1) gaugino masses, µ, the higgsino mass parameter,
tan β = v2/v1 (where v1 and v2 are the vacuum expectation values of the neutral
members of the two Higgs doublets), and M
L˜
, M
E˜
, M
Q˜
, M
U˜
, M
D˜
, Aτ , At, Ab, which
are soft–breaking parameters entering the mass mixing matrices of the stau, stop,
and sbottom systems. We assume the GUT relations M ′/M = 5
3
tan2ΘW ≈ 0.5, and
mg˜/M = αs/α2 ≈ 3, where mg˜ is the gluino mass. Furthermore, we assume that the
χ˜01 is the lightest SUSY particle (LSP).
The lower model independent mass bound for stops obtained at LEP is 45 GeV
[9, 10]. Stronger limits up to 55 GeV are reported from the data taking at LEP at
130–140 GeV [11]. The D0 experiment at the TEVATRON excludes the mass range
40 GeV <∼Mt˜ <∼100 GeV for the stop, if the mass difference Mt˜−mχ˜01 >∼ 30 GeV [12].
In Section 2 we shortly review the basic facts about L–R mixing of stops, sbottoms,
and staus, and present our numerical results for the production cross sections for
unpolarized beams as well as for polarized e− beams. In Section 3 we describe the
decays of stops, sbottoms, and staus and present numerical results for the important
2
branching ratios. We also list the signatures which are expected to be relevant at√
s = 500 GeV. In Section 4 we describe an event generator for t˜1
¯˜t1 production and
decay. In Section 5 experimental sensitivities are determined based on Monte Carlo
simulations. Section 6 contains a summery.
2 Cross Sections for Pair Production of Stops,
Sbottoms, and Staus
The SUSY partners of the SM fermions with left and right helicity are the left and
right sfermions. In the case of the stop, sbottom and stau the left and right states are
in general mixed. In the (f˜L, f˜R) basis the mass matrix is [1, 8]
M2
f˜
=
(
M2
f˜L
afmf
afmf M
2
f˜R
)
(1)
with
M2
f˜L
=M2
F˜
+m2Z cos 2β(T
3
f − ef sin2ΘW ) +m2f , (2)
M2
f˜R
=M2
F˜ ′
+ efm
2
Z cos 2β sin
2ΘW +m
2
f , (3)
mtat ≡ mt(At − µ cotβ), mbab ≡ mb(Ab − µ tanβ), mτaτ ≡ mτ (Aτ − µ tanβ), (4)
where ef and T
3
f are the charge and the third component of weak isospin of the
sfermion f˜ , M
F˜
= M
Q˜
for f˜L = t˜L, b˜L, MF˜ = ML˜ for f˜L = τ˜L, MF˜ ′ = MU˜ ,MD˜,ME˜
for f˜R = t˜R, b˜R, τ˜R, respectively, and mf is the mass of the corresponding fermion.
Evidently, there can be strong t˜L-t˜R mixing due to the large top quark mass. Simi-
larly, for sbottoms and staus L–R mixing is non-negligible if tan β >∼ 10. The mass
eigenvalues for the sfermion f˜ = t˜, b˜, τ˜ are
M2
f˜1,2
=
1
2
(
M2
f˜L
+M2
f˜R
∓
√
(M2
f˜L
−M2
f˜R
)2 + 4m2fa
2
f
)
(5)
where t˜1, b˜1 and τ˜1 denote the lighter eigenstates.
It is well known that the cross section for e+e− → t˜1 ¯˜t1 depends on the stop–mixing
parameters. In particular the Z0t˜1
¯˜t1 coupling vanishes for the mixing angle Θt˜ = 0.98
[13]. The cross sections for e+e− → b˜1 ¯˜b1 and e+e− → τ˜1 ¯˜τ1 also show a characteristic
dependence on their mixing angles. The Z0b˜1
¯˜
b1 coupling vanishes at Θb˜ = 1.17, and
the Z0τ˜1 ¯˜τ1 coupling vanishes at Θτ˜ = 0.82. The interference between the γ and
Z0 exchange contributions leads to characteristic minima of the cross sections for
e+e− → f˜1 ¯˜f1 which occur at specific values of the mixing angles θf˜ . They are given
by
cos2Θ
f˜
|min = ef
T 3f
sin2ΘW [1 + (1− s/m2Z)F (sin2ΘW )] . (6)
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The function F (sin2ΘW ) depends on the polarization of the e
− beam and is given by
F (sin2ΘW ) = cos
2ΘW (Le + Re)/(L
2
e + R
2
e) ≈ −0.22, F (sin2ΘW ) = cos2ΘW/Le ≈
−2.9, and F (sin2ΘW ) = cos2ΘW/Re ≈ 3.3, for unpolarized, left and right polarized
e− beams, respectively, where Le = −12 + sin2ΘW and Re = sin2ΘW . For polarized
e− beams the dependence on the mixing angles is much more pronounced than for
unpolarized beams. The corresponding minima of the cross sections of e+e− → f˜2 ¯˜f2
occur at 1− cos2Θ
f˜
|min.
In the calculations of the cross sections we have used the tree level formulae of
[13, 15, 16]. We have also included SUSY QCD corrections taking the formulae of [17]
(see also [13] and [18]) and corrections due to initial state radiation [19].
In Fig. 1a we show contour lines of the total cross section e+e− → t˜1 ¯˜t1 in the
Mt˜1 − cos2Θt˜ plane for
√
s = 500 GeV and unpolarized beams. For Mt˜1 ≃ 100 GeV
this cross section can reach 220 fb. A substantial dependence on cos2Θ
t˜
can be seen
for M
t˜1
<∼150 GeV. In Fig. 1b we show the cos2Θt˜ dependence of the cross section
e+e− → t˜1 ¯˜t1 for left and right polarized and unpolarized e− beams for
√
s = 500 GeV
and M
t˜1
= 200 GeV. The polarization asymmetry depends quite strongly on the
mixing angle. Therefore, experiments with polarized e− beams would be necessary
for a precise determination of the mixing angle Θt˜. The determination of the stop
masses and mixing angle gives information on the basic SUSY parameters M
Q˜
, M
U˜
and At. This is discussed in [14].
Similarly, Fig. 2 is a contour plot of the total cross section of e+e− → t˜2 ¯˜t2 in the
Mt˜2 − cos2Θt˜ plane at
√
s = 2 TeV, for left and right polarized e− beams. Here we
observe a strong dependence on the stop mixing angle. For M
t˜2
≃ 900 GeV the cross
section at this energy is about 1 fb.
In Fig. 3 we show the cross section for e+e− → t˜1 ¯˜t2 + ¯˜t1t˜2 at
√
s = 1 TeV as
a function of M
t˜1
, for various values of M
t˜2
. Here we have fixed the mixing angle
cos2Θt˜ = 0.5 where the cross section has its maximum. For other values of the
mixing angle this cross section scales as sin2Θ
t˜
cos2Θ
t˜
. For M
t˜1
≃ 100 GeV and
M
t˜2
≃ 200 GeV this cross section can reach 20 fb. Note that e+e− → b˜1 ¯˜b2 has the
same cross section as e+e− → t˜1 ¯˜t2, if the masses and the mixing angles are the same
(neglecting corrections due to gluino exchange). The cross section for e+e− → τ˜1 ¯˜τ2
is a factor of approximately 1/3 smaller because of the colour factor and the QCD
radiative corrections which have to be included for squark production. Due to the
factor sin2Θ
f˜
cos2Θ
f˜
, the cross section depends strongly on the mixing angle.
In Fig. 4a we show the contour plot of the total cross section of e+e− → b˜1 ¯˜b1 in
the M
b˜1
− cos2Θ
b˜
plane at
√
s = 1 TeV, for unpolarized beams. For M
b˜1
≃ 100 GeV
(450 GeV) this cross section can reach a value of about 50 fb (1 fb). ForM
b˜1
<∼300 GeV
the cross section depends appreciably on cos2Θ
b˜
. For polarized e− beams we have
again a much stronger cos2Θ
b˜
dependence of the cross sections, as shown in Fig. 4b
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Fig. 1a: Contour lines for the total cross
section of e+e− → t˜1 ¯˜t1 in fb at
√
s =
500 GeV as a function of cos2Θ
t˜
and M
t˜1
.
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Fig. 1b: Total cross section of e+e− →
t˜1
¯˜t1 in fb at
√
s = 500 GeV as a function of
cos2Θ
t˜
, for unpolarized (U) as well as left
(L) and right (R) polarized e− beams and
M
t˜1
= 200 GeV.
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Fig. 2: Contour lines for the total cross
section of e+e− → t˜2¯˜t2 in fb at
√
s = 2 TeV
as a function of cos2Θ
t˜
and M
t˜2
for left
(solid lines) and right (dashdotted lines) po-
larized e− beams.
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Fig. 3: Total cross section of e+e− → t˜1¯˜t2
+ c.c. in fb at
√
s = 1 TeV as a function of
M
t˜1
for cos2Θ
t˜
= 0.5 and various masses of
t˜2.
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Fig. 4a: Contour lines for the total cross
section of e+e− → b˜1 ¯˜b1 in fb at
√
s = 1 TeV
as a function of cos2Θ
b˜
and M
b˜1
.
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Fig. 4b: Total cross section of e+e− →
b˜1
¯˜
b1 in fb at
√
s = 1 TeV as a function
of cos2Θ
b˜
, for unpolarized (U), and left
(L), and right (R) polarized e− beams for
M
b˜1
= 300 GeV.
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Fig. 5: SUSY–QCD corrections δσg/σtree
and δσg˜/σtree for e+e− → t˜1 ¯˜t1 as a func-
tion of
√
s for cosΘ
t˜
= 0.7,M
t˜1
= 150 GeV,
M
t˜2
= 300 GeV and Mg˜ = 300 GeV.
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Fig. 6: Contour lines for the total cross
section of e+e− → τ˜1 ¯˜τ1 in fb at
√
s =
500 GeV as a function of cos2Θτ˜ and Mτ˜1
for left (solid lines) and right (dashdotted
lines) polarized e− beams.
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for M
b˜1
= 300 GeV and
√
s = 1 TeV.
The influence of the SUSY QCD corrections as a function of
√
s is demonstrated
in Fig. 5, where we have taken cosΘ
t˜
= 0.7,M
t˜1
= 150 GeV, M
t˜2
= 300 GeV and
mg˜ = 300 GeV. δσ
g is the conventional QCD correction and δσg˜ is the correction
due to gluino exchange. Note that at high energies δσg˜ has the opposite sign of δσg,
and its absolute value is increasing with
√
s. For a more detailed discussion of SUSY
QCD corrections see [17]. They increase the cross section values up to 40 %. The
corrections due to initial state radiation turn out to be of the order of 10 %.
The cross sections for e+e− → τ˜1 ¯˜τ1 at
√
s = 500 GeV for left and right polarized
e− beams, as a function of Mτ˜1 and cos
2Θτ˜ are shown in Fig. 6. For both beam
polarizations these cross sections can reach values of approximately 150 fb, again
exhibiting a strong dependence on the mixing angle.
3 Stop, Sbottom, and Stau Decays
The sfermions of the third generation can decay according to
t˜i → tχ˜0k, bχ˜+k (7)
b˜i → bχ˜0k, tχ˜−k (8)
τ˜i → τχ˜0k, ντ χ˜+k (9)
Due to the Yukawa terms and because of L–R mixing the decay patterns of stops,
sbottoms, and staus will be different from those of the sfermions of the first two
generations [20]. Stops and sbottoms may also decay into gluinos,
t˜i → tg˜, b˜i → bg˜, (10)
and if these decays are kinematically allowed, then they are dominant. Otherwise, the
decays (7), (8) are the most important ones. Moreover, in case of strong L–R mixing
the splitting between the two mass eigenstates may be so large that the following
additional decay modes are present [5]: t˜2 → t˜1 Z0(h0, H0, A0), b˜1W+(H+), b˜2 →
b˜1 Z
0(h0, H0, A0), t˜1W
−(H−). The transitions t˜1 → b˜1W+(H+) or b˜1 → t˜1W−(H−)
can occur if the mass difference is large enough.
If the t˜1 is the LVSP and mχ˜0
1
+ mb + mW < Mt˜1 < mχ˜01 + mt, then the decay
t˜1 → bW+ χ˜01 is important. IfMt˜1 < mχ˜01+mb+mW the higher–order decay t˜1 → c χ˜01
dominates [15]. In the parameter domain where t˜1 → bW+ χ˜01 is possible it is usually
more important than t˜1 → c χ˜01. If b˜1 or τ˜1 is the LVSP, then it decays according to
b˜1 → b χ˜01 or τ˜1 → τ χ˜01. In the case that Mτ˜1 < Mt˜1 also t˜1 → b ντ τ˜1 may play a role.
In Fig. 7 a and b we show the parameter domains in theM−µ plane for the decays
of t˜1 and b˜1, eqs. (7), (8), (10), takingMt˜1 = 400 GeV, tanβ = 2, andMb˜1 = 400 GeV,
tan β = 30, respectively. The parameter domains for the τ˜1 decays into neutralinos
7
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Fig. 7a: Kinematically allowed parame-
ter domains in the (M, µ) plane for M
t˜1
=
400 GeV and tan β = 2 for the decays: a)
t˜1 → t χ˜01, b) t˜1 → b χ˜+1 , c) t˜1 → t χ˜02,
d) t˜1 → t χ˜03, e) t˜1 → b χ˜+2 , f) t˜1 → t χ˜04.
t˜1 → c χ˜01 and t˜1 → bW+ χ˜01 are allowed in
the whole parameter range shown. The grey
area is covered by LEP2 for
√
s = 192 GeV.
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Fig. 7b: Kinematically allowed parame-
ter domains in the (M, µ) plane for M
b˜1
=
400 GeV and tan β = 30 for the decays:
a) b˜1 → b χ˜02, b) b˜1 → t χ˜−1 , c) b˜1 → b χ˜03,
d) b˜1 → b χ˜04, e) b˜1 → t χ˜−2 , f) b˜1 → b g˜.
b˜1 → b χ˜01 is allowed in the whole parameter
range shown. The grey area is covered by
LEP2 for
√
s = 192 GeV.
are almost identical to those of the corresponding b˜1 decays, if the masses of τ˜1 and
b˜1 are the same.
The branching ratios for the t˜1 decays as a function of the mixing angle cosΘt˜
are shown in Fig. 8a for M
t˜1
= 400 GeV, tan β = 2, and taking M = 150 GeV and
µ = 500 GeV. The decay into bχ˜+1 dominates near cosΘt˜ = ±1, t˜1 ≈ t˜L, whereas
the decay into tχ˜01 dominates near cosΘt˜ = 0, t˜1 ≈ t˜R. BR(t˜1 → bχ˜+1 ) vanishes for
cosΘt˜ ≈ −0.3 because gauge coupling and Yukawa coupling terms cancel each other.
On the other hand, BR(t˜1 → tχ˜01) has a maximum for cosΘt˜ ≈ −0.3 because the
two contributions add up. Similarly, Fig. 8b exhibits the branching ratios for the
b˜1 decays as a function of cosΘb˜ for Mb˜1 = 400 GeV, tanβ = 30, M = 150 GeV
and µ = 500 GeV. Here the branching ratio for the decay into tχ˜−1 is smaller than
that of t˜1 → bχ˜+1 , because it has less phase space. For tanβ>∼10 the branching ratios
are almost symmetric under the simultaneous interchange µ ↔ −µ and cosΘ
t˜
↔
− cosΘt˜. Note that in supergravity models [4], for large tanβ and large |µ|, cosΘb˜
has the same sign as µ, because otherwise the parameter Ab would be too large (see
eq.(3)).
In Table 1 we list the most important signatures for t˜1, b˜1 and τ˜1 for
√
s = 500 GeV.
If the decays t˜1 → b χ˜+1 or τ˜1 → ντ χ˜−1 occur, the χ˜±1 would be discovered first and
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its properties would be known. This would help identify these events. The decay
t˜1 → bW+ χ˜01 leads to the same final states as t˜1 → b χ˜+1 (provided χ˜+1 → H+χ˜01 is
not allowed). From the decay τ˜1 → τ χ˜01 information about the neutralino parameters
can be obtained by measuring the τ polarization, as discussed in [21].
-1. -0.5 0. 0.5 1.
0.
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50.
75.
100.
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t˜
BR (t˜1) [%]
Fig. 8a: Branching ratios for the t˜1 decays
as a function of the mixing angle cosΘ
t˜
for
M
t˜1
= 400 GeV, tan β = 2, M = 150 GeV,
and µ = 500 GeV. The curves correspond
to the following transitions: ◦ t˜1 → t χ˜01,
t˜1 → t χ˜02, t˜1 → b χ˜+1 .
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Fig. 8b: Branching ratios for the b˜1 decays
as a function of cosΘ
b˜
for M
b˜1
= 400 GeV,
tan β = 30, M = 150 GeV, and µ =
500 GeV. The curves correspond to the fol-
lowing transitions: ◦ b˜1 → b χ˜01, b˜1 → b χ˜02,
b˜1 → t χ˜−1 .
Signatures
t˜1 → b χ˜+1 1 b-jet + 1 l+ + p/T , 1 b-jet + 2 jets + p/T
t˜1 → c χ˜01 1 jet + p/T
b˜1 → b χ˜01 1 b-jet + p/T
b˜1 → b χ˜02 1 b-jet + l+l− + p/T , 1 b-jet + 2 jets + p/T
τ˜1 → τ χ˜01 τ + p/T
τ˜1 → τ χ˜02 τ + l+l− + p/T , τ + 2 jets + p/T
τ˜1 → ντ χ˜−1 l− + p/T , 2 jets + p/T
Table 1: Expected signatures for t˜1, b˜1, and τ˜1 production for
√
s = 500 GeV. Due
to pair production all combinations of the corresponding signatures may occur.
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4 Stop Event Generation
In this section we describe the event generator for e+e− → t˜1¯˜t1 with the stop decay
modes t˜1 → cχ˜01 and t˜1 → bχ˜+1 . The chargino decays via χ˜+1 → W+χ˜01, where W+
can be either virtual or real. The event generator is based on the calculation of the 4-
momenta distributions of the stop and antistop decay products χ˜01c χ˜
0
1c¯ and χ˜
+
1 b χ˜
−
1 b¯.
The large effects of QCD corrections are included in the cross section calculation. Stop
production and decay have been defined as new processes in the PYTHIA program
package [22]. The event generation process includes the modelling of hadronic final
states.
In the first step of the event generation, initial state photons are emitted using
the program package REMT [22] which takes into account the expected stop cross
section from zero to the nominal center-of-mass energy. Beamstrahlung photons are
emitted using the beam parameters of the NLC 1992 design. The effective center-of-
mass energy is calculated for the initial production of the 4-momenta of the final-state
particles. These 4-momenta are then boosted to the lab-frame according to the mo-
mentum of the emitted photons. For the hadronization process of the cc in the χ˜01c χ˜
0
1c¯
and of the bb in the χ˜+1 b χ˜
−
1 b¯ decay mode, a color string with invariant mass of the
quark-antiquark-system is defined. The possible gluon emission and hadronization
are performed using the Lund model of string fragmentation with the PYTHIA pro-
gram package [22]. The Peterson et al. [23] fragmentation parameters for the c- and
b-quarks are used: ǫc = 0.03 and ǫb = 0.0035. Finally, short-lived particles decay into
their observable final state. Details of the event generator and of a stop analysis at
LEP2 energies are given in [24].
5 Simulation and Selection
The investigated background reactions and their cross sections are shown in Fig. 11.
They are simulated for L = 10 fb−1, and 1000 signal events are simulated in the χ˜01cχ˜01c¯
and χ˜+1 bχ˜
−
1 b¯ decay channels. The L3 detector at CERN including the upgrades for
LEP2 served as an example for an e+e− 500 GeV detector. Details of the parametric
detector simulation are given in [25]. An important feature is the overall hadronic
energy resolution of about 7%.
In both channels, the χ˜01’s escape the detector and cause large missing energy. In
the case χ˜01cχ˜
0
1c¯, the c-quarks form mostly two acoplanar jets. A mass combination of
M
t˜1
= 180 GeV and mχ˜0
1
= 100 GeV is investigated in detail. For χ˜+1 bχ˜
−
1 b¯ on average
the visible energy is larger. In this channel, the mass combination Mt˜1 = 180 GeV,
mχ˜+
1
= 150 GeV, and mχ˜0
1
= 60 GeV has been studied. Typically four jets are formed,
two from the b-quarks, and two from the boosted W ’s.
In the first step of the event selection, unbalanced hadronic events are selected
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using the following selection requirements:
25 < hadronic clusters < 110, 0.2 < Evis/
√
s < 0.7,
Eimb‖ /Evis < 0.5, Thrust < 0.95, | cos θThrust| < 0.7 .
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Figure 11: Background reactions and their cross sections for
√
s = 500 GeV.
Channel χ˜01cχ˜
0
1c¯ χ˜
+
1 bχ˜
−
1 b¯ qq WW eWν tt ZZ eeZ
Total (in 1000) 1 1 125 70 50 7 6 60
After preselection (in 1000) 0.4 0.7 1.7 2.2 3.2 1.3 0.2 0.3
Table 2: Expected events per 10 fb−1 at
√
s = 500 GeV, and number of events after
the preselection as defined in the text.
A large part of the background of back-to-back events without missing energy is re-
jected. Table 2 shows the number of initially produced events per L = 10 fb−1 at√
s = 500 GeV, and the number of events which pass this preselection. The require-
ment of a large number of hadronic clusters removes e+e−, µ+µ−, and most τ+τ−
events. The minimum energy cut reduces most of the γγ events and ensures almost
100% trigger efficiency. The background from γγ events can, in addition, be strongly
reduced by rejecting events where a scattered initial electron is detected at low angles.
The upper energy cut reduces all standard background reactions. Beam gas events
and events where much energy goes undetected along the beam axis are removed
by rejection of events with very large parallel imbalance. The thrust cut removes re-
maining τ+τ− events and reduces largely qq and Z0Z0 background. The cos θThrust
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cut removes events where most probably much energy escaped undetected along the
beam axis.
The final χ˜01cχ˜
0
1c¯ event selection is summarized in Table 3. The following cuts are
applied:
• A hard upper energy cut reduces all standard background except eWν (Fig. 12).
• Jets are clustered using the JADE algorithm. The y-cut value is optimized to
obtain two jets for the signal.
• Semileptonic decays of the top quark can induce missing energy. These events
are partly removed by requiring no isolated electron or muon.
• Events with large longitudinal energy imbalance are removed where probably
much energy escaped undetected along the beam axis.
• The invariant mass of the two jets is required to be larger than 120 GeV to
remove almost entirely eWν events (Fig. 13).
• The acoplanarity angle is defined as the angle between the jets in the plane
perpendicular to the beam axis. A maximum value of 2.9 rad is important to
reduce the remaining background.
The result of this study is 4.3% detection efficiency and 9 background events. A
detection confidence level of 3σ (99.73%) is expected for a cross section of 23 fb.
Expected signal and background are shown in Fig. 16.
Channel χ˜01cχ˜
0
1c¯ qq WW eWν tt ZZ eeZ
Total (in 1000) 1 125 70 50 7 6 60
After Preselection 391 1652 2163 3185 1259 182 318
Evis/
√
s < 0.4 332 202 285 3032 70 4 98
Njet = 2 293 172 182 2892 17 3 72
No isolated e or µ 218 152 98 2757 5 3 9
Eimb‖ /Evis < 0.3 185 101 70 2049 5 2 4
Invariantmass of jets>120GeV 52 25 12 7 1 0 0
Acoplanarity < 2.9rad 43 0 5 3 1 0 0
Table 3: Final event selection cuts, expected signal efficiencies, and the number of
expected background events. Bold face numbers indicate major background reduc-
tions.
The final χ˜+1 bχ˜
−
1 b¯ event selection is summarized in Table 4. Here the cuts are:
• A hard lower energy cut reduces most of the eWν background.
• Topologies with back-to-back jets are reduced by an upper cut on the event
thrust (Fig. 14).
• A lower cut on the number of hadronic clusters reduces efficiently low-
multiplicity background final states (Fig. 15).
• Jets are clustered using the JADE algorithm. The y-cut value is optimized to
obtain four jets for the signal.
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• Events with an isolated electron or muon are rejected.
• An upper cut on the visible energy reduces qq, W+W−, and tt¯ background.
• Finally, the remaining tt¯ background events are reduced by requiring less than
30% perpendicular energy imbalance.
Concerning the number of b-quarks per event, the decay χ˜+1 bχ˜
−
1 b¯→ W+χ˜01bW−χ˜01b¯
leads to the same final states as expected for tt¯ background. Therefore, the tagging
of b-quarks has not proved to be efficient to reduce this background.
The result of this study is 4.5% detection efficiency and 8 background events. A
detection confidence level of 3σ (99.73%) is expected for a cross section of 19 fb.
Expected signal and background are shown in Fig. 16.
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Figure 12: Evis/
√
s < 0.4 for χ˜01cχ˜
0
1c¯,
qq, WW, eWν, tt, ZZ, eeZ.
Figure 13: minv > 120 GeV for
χ˜01cχ˜
0
1c¯, qq, WW, eWν, tt, ZZ, eeZ.
Figure 14: Thrust < 0.85 for χ˜+1 bχ˜
−
1 b¯,
qq, WW, eWν, tt, ZZ, eeZ.
Figure 15: Ncluster ≥ 60 for
χ˜+1 bχ˜
−
1 b¯, qq, WW, eWν, tt, ZZ, eeZ.
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Figure 16: Left: Sensitivity for an e+e− → t˜1¯˜t1 → χ˜01cχ˜01c¯ signal. Open histograms
show the simulated signal, solid and hatched histograms show the remaining back-
ground after all selection cuts are applied. Right: Sensitivity for an e+e− → t˜1¯˜t1 →
χ˜+1 bχ˜
−
1 b¯ signal.
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Figure 17: Detection confidence levels. Left: χ˜+1 bχ˜
−
1 b¯ channel. Right: χ˜
0
1cχ˜
0
1c¯ channel.
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Channel χ˜+1 bχ˜
−
1 b¯ qq WW eWν tt ZZ eeZ
Total (in 1000) 1 125 70 50 7 6 60
After Preselection 695 1652 2163 3185 1259 182 318
Evis/
√
s > 0.35 610 1494 2011 337 1234 178 239
Thrust < 0.85 536 326 420 24 1141 69 137
Ncluster ≥ 60 399 195 134 0 769 41 3
Njet = 4 211 53 72 0 432 22 0
No isolated e or µ 99 41 49 0 105 16 0
Evis/
√
s < 0.55 57 3 8 0 23 0 0
Eimb⊥ /Evis < 0.3 45 1 3 0 4 0 0
Table 4: Final event selection cuts, expected signal efficiencies, and the number of
expected background events. Bold face numbers indicate major background reduc-
tions.
At a future e+e− collider with
√
s = 500 GeV, a large discovery potential for scalar
top quarks is already expected within one year of data-taking (L = 10 fb−1). Detector
performances known from LEP detectors result in good background reduction. Full
hermeticity of the detector is essential.
The confidence level for discovering a signal is shown in Fig. 17, where the con-
fidence level is given in σ = Nexpected/
√
Nbackground. The sensitivity is sufficient to
discover a 200 GeV stop independently of the values of the mixing angle with 3σ in
both χ˜01c and χ˜
+
1 b decay modes for the investigated neutralino and chargino mass
combinations. A complete set of mass combinations remains to be studied. Beam
polarization could be crucial for determining the stop mass after a discovery.
6 Summary
In this contribution we have discussed the production of stop, sbottom, and stau pairs
in e+e− annihilation in the energy range
√
s = 500 GeV to 2 TeV. We have presented
numerical predictions within the Minimal Supersymmetric Standard Model for the
production cross sections and the decay rates and analyzed their SUSY parameter
dependence. If tanβ>∼10, not only the t Yukawa terms, but also the b and τ Yukawa
terms have important effects. The production cross sections as well as the decay rates
of stops, sbottoms and staus depend in a characteristic way on the mixing angles.
A Monte Carlo study of e+e− → t˜1 ¯˜t1 at
√
s = 500 GeV with the decays t˜1 → c χ˜01
and t˜1 → b χ˜+1 has been performed for Mt˜1 = 180 GeV, Mχ˜01 = 100 GeV, and Mt˜1 =
180 GeV, Mχ˜±
1
= 150 GeV, Mχ˜0
1
= 60 GeV, respectively. A suitable set of kinematical
cuts has been applied to reduce the known background reactions. Detection confidence
levels as a funtion of cosΘ
t˜
have been given. In summary, an e+e− collider is an ideal
machine for detecting and studying scalar top and bottom quarks and scalar tau
leptons.
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